
o 



^ _ PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Tohru TANAKA, etai 

Appln. No.: 09/445,963 Group Art Unit: 1 642 

Filed: December 16, 1999 Examiner: N. Davis 
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For: AGENT FOR DIAGNOSING AND TREATING MALIGNANT TUMORS 



DECLARATION 



CO 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir/Madam: 

l t Eiichi Kobayashi, do declare and state that: 

I graduated from the University of Tokyo, Faculty of Agriculture, Department in 
Agricultural Chemistry, having received a Master's Degree of Agriculture in March, 1992. 

I understand the Japanese and English languages. Attachment A is a copy of 
Japanese Patent Application No. Hei-2-1 1 1747 (Kajiwara), and Attachment B is an accurate 
Engli$h translation made by me of Kajiwara. 

I declare further that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 1 8 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 
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®£Ba ¥j£2^(1990) 4/?24B 



0 Sg63-263877 

m. ^63(1988)10^21 B 

©ft S. A #3g± ft ft Jg* fl-3£ 



W SB 2 

(1) i ttaif/xK 2tttf«ssi3T-«asnfc 

tLTS-7^yi>7'J>65£Sfi?T-&;:££?5ia 

(2) 1ttSV/XB2tt#ftiRl3T-Sa5tlfc 

6TiB:f-M./OA#S358sn-57aA§rffix^;i,, 
>/l/K7AKXtt7#;ujr'J5/>fcS?SS^fai* 
tOT1, 3, 4 X fct 5 ft <D 'X fc 1 O £0 K $ 



1* T SKA/* f V / - y > £ & £ 7T * c t 

3. R W © # SI & & Of) 

CO&figu, ft*13-CttS53nfcS-7 * y u 7 
tTSA.AnuSgtttf/l'* C 'J y - <5f > © ?3 3§ Jj i£ 

S«B*FT-NMR<OSt$CJ:»). fSSl3T£ 

©raiB©i»«©fc«>c£< arc* n- 

Tfffc. Cfitt, H&iBFT-NMRS-ftlFjIfS 

EBft«5R13 ( 13 C) T-<5K?nfcft^^<J) 13 C 
tt^E£C© 13 CttK<t£lSj*#8?T-2><:i$ 

*-5«- ,3 C«S5fl:Sll|<D^ < O /)' UK (C rfi as 2 n 
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o 

03 sfrfc ts 5 n X ^ & . 

tCat-, 5-75. J V7>J >ffi(AlA) «s ^A 

tfiffittitcA/*ey /.-y>(pBG) £gtbbX'\A 

<t£toUS- 13 C]-AlA) tffn^Si: bX A#XSa 
wax ^yu- 4-# -t v 7* u- h- 5 tiT 

Afl^7DAJtKXf-^Sg*UT [2- l3 C]Al 
A£S/£T&7}ti£7El!!cb#£b fc (J. A. C.S. 
. 96:25. p8069-80B0(Dec. 25. 1974). ZViTjB, 
«» iii»ftJ!tfcU-T 13 CX-(3S3nfcttB:f- MJ 

9 As«ffl**©T-« k> , c© 13 c&s£#-&7 h 



bfrb£#6, <I© 13 C«?.fflS6{K* t- 9 A£ 
£ J? «9 8 t b T 1 3 C T St 3 n fc A L A £ 6 i* T 
S7?ffi(CO^Xtt, CO) [2-^ 3 C]A L A ^•S'J&'y 

?:t- ( *B8fl?Sia, 13 C«K8TE-/ MJ 9 A 
£tli?E®*| t OX A L A<73ft®<£)ftEtf 13 CX£ 
R3tifc 13 CH»AL.ASftl*raCfc#TSn 

/XW2&^ 13 CX<j5iS3nfcKi(Sthy9AS 
®fiibX@tt£2/!£bfl£;r fcfcBJlSL,. 
C 2 b fc . 

bX, ftgt<Z)to!3# 13 CX-lg;S3tt£A LASS 



$ i3x- sss $ n » e -;- h y 9 a e as r riu o , 

C0Kft13&HfiriK+MJ9A/*5£#;*n&7 
n A fit aft x f - 10 , >fl/K7/»KXa7?Jl/^'Ji/ 
>fc^*l*tt>ia«:hbX5-75yL/7 

C0S?>gtK(O¥J3u75-ffiX-35a. arc, fcJSWtt, £ 
mjt^ tc bX^fiScSnfc 1 , 3, 4 X<*5&©'> 

U7'J >ffi€iiEJDb, Cn^K}*B¥5RX-51i^Stt 

x >Kn/*ey ;-^v«**y4'>< £$20© 

55 1 ECl 13 Ct£SSA L A O^£7o *>©. 
X-. MAtf [1- 13 CJA LA (laJttRO) «fc 3 C bX 

[1- 13 C]fitK^ I- ';9A(2a)£5>$8 



<t Si ^ > 7 -f /u x- sa g b , :nc,**i?;- 

A/£MitX£t63ti5fc [1- 13 C]7P ^ffi&X^ 
A/(3a)tf IT? 5 ns„ Jt, C <0 (1- 13 C]7 □ *fit 
BSi5FA/l3a)tt [1- l3 C]SEt h y 9 A(2a)£& 

d<D d-^C^n^irElf-A/OaJtt. 1.2-v 

K1l)fcSl5Sti*t, S1R5X- (l- 13 C]X?;i/ 
I — h (12a) 

C03i7I^T/U(12a) tt s *Rt IK t £ J2 38 O 1 : 
(1- 13 C1A L Ada)*H««PT4*». 

*fc, ±seti5i<$c bx (2- 13 cjsra5t h 9 

A(2b)»5 l2 J3 C]7a ; ESriE3:^^(3!))SSfi2 
b. _tS2£> (1- 13 C]7Q ; EBrfiSXf l ;H3a)«-CO 
[2- 13 C] 7 o t Bt AS 1 A/ (3b) (C SS 1ft «. X x ffl t 
|Bltt035f5Sfr5C ttC<fcO . (2- 13 C]ALA 
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o 

S^C^ [4- 13 C]ALA(1d)£ (5- 13 C]ALA 
T&fcS, S*?*A>H(S) £JtE [1- 13 C)7 

C53H £ C £ tC J; 0 (1- 13 C]N-7^ o -< y 
-J (6a)« SjSTS. fctf, d- 13 C]K-7*o 
■f A/ 2 'J v >(6a) « , 7 £ A/-* 1 £ F » 'J A (4 ) 
t (l J3 C]7a ; E6rffix^^(3a)«i:©S^(c «t o 
Xt>£#£ti3.. C <D cfc ? C U T 

nfc d- 13 C]N-7£ n-fA/y-y 2/>(6a)£J2fl;-? 

*-ji/T«iay n«, d- 13 c]7* aw ^ 

o F (7a) £ *J ? □ a * $ > t c y *? £ 6 
8«&#T-2.2-y * 1.6-5/ tf* V -1,3- y 

> (^/i/k?ae, 10) tg^at, etax*,/ 

2r/l/(11b) tflSSn*. 48, JtE^A/K7A 



\J tfCH ¥2-111747 (3) 
K(10)tt, £HJ0?7JSCJ;9h fit ffi ^ h y 7 A (2 ) 

-<5rhX7xM11b) J7q? 
WKI9-M3) i*jR{fct F >JO AT-SaffiLfcS, 
AS X- M * # W- ? $ C C J: tK BW<0 (4- 13 CJA 

L A(id)tf li?5n*. 

Affile:, (5- 13 C]ALA(1c)=b [2- 13 Cj7*A/ 

[3- 13 C]A L A (lC)t) 12- 13 CJ#«7- h 'J 7 A 
(Zb)*S (2- l3 C]70* ttflSdJa) £*ITS/£a 
n$ [2- 13 Cj* ^F^AKdOa) £giiiTa£# 

# 1 3 c x- ts at s n a l a t> jt £ t is] a & # s x- 

W%?Z>Ztti-T'BZ> t Mittt, [1.2- ,3 CJAL 
Adfjtt [1.2- 13 C]»|8* hy 7A(2c)*S 
[1.2- 13 C]7a ; EgtiSl?A/(3c)«ST{t^1b 



M2)Stl& UT£fig$h*. 

8fc, [4,5- ,3 C]A L A dO)tt±ffi [1.2- 13 C] 
StKt h y 9 A.{2c)»5 [1,2- 13 C]7Q^ » Si 

(b£&(7) , (11)Rini2)*gfcl/TS«8 

36C» {3.4.5- 13 C]A L AdtilB, JtE (1. 
2- 13 C]75»A/<^ K7tf/l/^Q7-f F(7) t 
J2 J3 P)* A/F^ AK(iOa) frSfcSto (11) TkV 
(12)£g£& UX&J&3 n*. 

« & « t> # 35 ■& ftStftCfctiS&JS, th 

'J9AEWWJS, ^£ 1-)UX.7. f A'SOl^f A/, 

(KiaflMijsroEA^-f f , 7^F®tf£wsn, 
fcc, S&2Btt, A L Atf S*A/*£ y y -<y 

v(pb<5) «sat*«jiaia*jRr'b©T, an 

@K*T75£XH3Snfc 1 o^&Stf 13 CX-£8E 
jntALASffilHL, 2 O03&jS# 13 CX-£3I 



s n rz 1 •» c «s a p b g © $ k #j * ,fv 1 1> «o x- $ § . 

W*tf. fl^BCwTJ^C, (5- l3 C]ALA 
de)£ A L AJRsjcffiffi ( ALA-0 R«P8G synthase) 

>'5CK5gT-6fS-^(D2oA? 13 CT-<5at?nK:P 
BG(20e) tfl55ft4. 

*fc* »2BCSrJ:5C. ±ffi [5- 13 C]AL 
A deleft*. X (3- l3 C]A L A(1c)^«fflT5t, 

STSK)S0.20fti' 3 CTti;a5nr:PBG (20c) 
tf 5 n * . 

H«C, (ffi<D(iiHOe{SStf l3 CT-^S , iHnfc A 
LAda), dbJXttddJ^ffifflTSCtcj:*). 
* h ^ n $ f5 t -5 85 to © & -3R 1 3 C X- tS S5 3 n fc 

PBQffwen*. zrcs 2o©^sfi/j> 13 cx-ts[ 

HSntALAtfJfflTntf, 4 imfcfRfr 13 c 
x-^KSnriPBG/j'fflen, set, 3oi7)£j! 
j?</p 13 cx-ffissffnfc a l AZtemtnis , 60 
wifcfctf 13 cT-tsas nfc p b g^ wen*. 
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o ■ 

( snen ] 

S K7 t h 7t?f - h (11)8 4 7 . 7*3(3.31 d 
«ol]SBBU, COB«*1,2-*;?' b^>X? > 
7^h*Sffc^h';C^ >*60%) 
154. 0*?(3.85 d noD^fiisaiS^iCSSSD l> * 
7^zT>£ED£TC£ffi? 1 HMlSff bfc, 

*$*tc (t-^CjTO^ITffix^A/Ua^ 7*9(3 
.85 n «ol)£8BbTS5ftfc}8fi*ft]iU SiS 
T-1 BPJfiff b, estifcEJSE&ftlfc iN-ffiflS 

a^bTfteitttsaw [i J3 c]if-./u^-it> 

*^a;u*-/b-5-7*JU^KU7y*-Hl 



W »IB^2-lU747 ( 4) 
2a) 1 . 2 5 9 (tt¥8 9 7 % ) 

Cl t> <E 0) a £ . 1 H - N M R , 13 C-NMR, 

1 tl-NMR (CDC 1 3 ):1.25 & 1.33 , 2.95, 4.18 & 4 

.29 , 4.19; 4,83, 7.83 ppm 
13 C-HHR(C0CI 3 );170.6(1- 13 C) pptn 
IR(KBr):1 723cnT 1 
HS(n/l): 362(K* ) 

fttCs cga^c n»6nfc*;i7f ^(i2a) 
£*»IB-iS£fi(1:i) igSKI 5 C?S8? l< , 
7;i/U>#Ei|^*T- 1 B 13 SUMS 8£ ore, £C5*§ 

£©££&#*£7fc2 Oo2*£?g#0, &#]<0gfl: 
/U150«ieT-3EI»E»bfc. C<D£}CUT13S 

so. asrc&b. ?^i^-ii//i-7/i/ 

8«X-HeflLf, ft&fttt&fi® [1- l3 C]5-7^ 



ST/ I R £iU£ Ufc$£«£GlT£5T, 
St£ : 146-149 *C 
1 M-NKR ( 0 2 0):2.?1 , 2.90. 4.13 ppm 
l3 C~NHR( 0 2 0) : 1 77. 4 ( 1- 13 C) ppm 
lR(KBr) :3430c*' 1 

[l- 13 C]y u */>(9a)(9M atom 13 C) 1.09 
(13. 1 n nol)tjS*7i'A/||S1 . 9 5 y (13. 1 « 

50-1 7 o "c x i o » ra m » l , ssn 

© [1- l3 C]7 ? 5 KKE(6a)2 . 649 { « 

CWbVXDfa*. 1 H - N M R s 13 C-NMR, 
».« : 191-194 -c 



1 H-Kti(((7*t: h >-d 6 ):4.40. 7. 82 ODm 
13 C-NHR(71z h >-d 6 ) : 168. 93 ( 1- 13 C) ppm 
lR(K8r):1720, 1775cm" 1 
HSffi/z): 206(H* ) 

c(D^?(CUTfi5n^ [1- 13 C]7*)l/^?F 
fit K (6a) 2. 6 4 9 (12.8 a moI)£ Eft ? # - 1/ 
1 2 «a (61.8 a ool)*CJ8WO* 6 0 "C T 4 25 

^^■SEACtt*^. fflR£ISfl<D [1- 13 C]7*/u 
^ K7 tf^^07-f K(7a)2 . 9 1 9 (IR* 

99.2S)^19fc B 1 H-NMR ( COC 1 3 ) tt£g& 

124.80, 7. 78 pptnT-fc o tz 0 
ft IC > i?^pn^^>1ot£tt: i J^>2si2WS 

&?SK*iC^A/K9 A K (20)1 , 9 5 9(13.5 n 

SITC1- 5«H*WT±!B [l- l3 C] 7 5 * 
K 7 t'7-/l>? □ 7 K (7a) 2 . 91 9(13.0 moo 
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B9N f - WdZ.Z = i < LZ~% "30 



.. • o 

ffTCSSTI. 5«HIRf5eitfc. E(S«7». 
tefllMTttflBU, iS«£S£-Ofc. sen 

fiasco, %<r)t&®#\o)x$ y-/^S£i/fc. 

5. K7H h 7-fcr- I- (11b) 2. 338 (1R 

Cl(D*>CDOSi£. 'h-NMR, 13 C-NMR, 
I RaUMS««£l/fcgS*KTCSir. 
fit£ : 109-111 "C 
1 tl-«HR(CDCl 3 ) : 1 . 29, 3. SO, 4. 22. 4.62, 7.77 
ppo 

13 C-NHR (COCi 3 ) : 194. 79 (3- 13 C) DPfl 

1 R ( KBr) : 1 722 » 1745cm" 1 

HS(m/2); 276(H* ) 



^ ¥2-111747 ( 5) 
^yi/-f5K?th7Cf-KlU| 2. 3 3 9(8 

WO, 6 n jgig $ * £ fl; :f t- y 9 A < A 7 7 
■< 6 0% ) 4 2 0. 0«5 (10. 5 n mo 1)01. 2- 

tfLA:. ftStifcCflSiffliS'tilCTciA 
8fffil^M3) 1. 7 6 3 (10.5 n ool)031, 2-i? 
^ h-*>'I£>5n2!S!B£8£/!au. M ig T IB If- T 

ffiJSMx , »sisoTffi««as o» ffi4«*o (4- 

* K L/ 7 'J ^ — M12d ) C<Dffl£&B](l 

2d) uttwr £%<?Q)%-zft,tnfc&£®rf] 

Lfc. 

±22ffi<tfi£to(12d) «*mitt — tt«ZBA(l:1) ffi 



fA/BSTBUBb, SS&ll-tttfiao (4- l3 C]5- 
7^/UTy>ffiA-i , KQ^Q7-CK(1d)391. 
0«3 <iR2?i27.. «)£}!?£. 

L ffj =b <0 <0 s» & , 5 H-NMR, 13 C-NMR 

: 146-149 x; 
Vn«R( 0 2 0) : 2. 71 , 2.90 s 4.13 ppo 
13 C-HHR( 0 2 0):206.3 < 1- 13 C) ppffl 
IR(K8D :3430cm" 1 

[2- 13 C]7Qt fit ift (2b) 1 .4739 (10.$ n 
>ol)©>Jci88i 1 . SdClKKT- h 58 
S (5.4 la mol) SMfcfcfc, J/ 7 Vfc* I- 'J 7 A 



0. 6 O s (12.3 in aoUflfc&jg i . 5 

«. -flSSCRbfcS, *ffii(t* h y 7A0. 
5 9 «S*Tf2WiatattLfc. 5 S C . 

COJjgjfSCffiit^^i'C' AO . 8 9 <O*?8?g£J)0 

*rci§, is at- 2 auafciSi? t . ejects-. 

Mil, 3 «3(C12N-e& 1 . Orf£ in X- 
rA/Mjij£i,fc. BSnfci-* ji/H*«6is&, 

SK*S£U, fiiMiO l2- l3 C]vo>ffi;o. 
4 4 4 9 dK940.3S)€ 

fclC, ±22 [2- 13 C]7n>StS*»K0. 5 
.«* £ SfiRffiO . O 5 rfOEfiifitfCSSBati , * 
|gTCH*7tbVO. 4«e^SSTL/, SiST'l 
EiiaSfSSt* fc. fiiStt7«» tfttiLfcttA€t£ 

#5nfcfflf£S£ 0.5N'gi(E2B2T-Sti?U, 
* ft L T 7 1 h > / X - r ^ / n-^ 4= +>■ > 0 iE & 

scuT-s^a mesn/usao (2- 13 c]joi/k 

7AK(10a) 0. 3119 (IR*S0.6S)*Wfc. 

cotwoajs, 'h-nmr. 13 c-nmr 
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MH'-MLl-L '-LZ-1 -20 



o 

KtiS : 92-95TC 

1 ll-NHR(C0CI 3 ):3.S2, 1.79 OPm 
l3 C-NHR(C0CI 3 ): 36.15 (2- 13 C) pom 
IR : 1 790, 1750cm" 1 

RtC. ±12 [2- 13 C]* AKdOa) 
±ffi (1- 13 C]ALA • HCJ (la)tiattCL/ 
X [3- 13 C] A L A * HCJ) SSSiUfc, 

tp®£f£fo&U (3- l3 C]A L A * HCJ! ICO^ 
T£££, 1 H-NMR . ,3 C-N.MR. \ RRV 
MSfcMgOfc. SIXTHS IT. 

h (11a) 

1 H-KHR(C0CI 3 ):1.31, 3.58, 4.24, 4.76, 7.88 
* 7,75 PPGl 
13 C-NHR(C0CI 3 ): 46.90 (2- 13 C) DDR 

(3^ 13 C]l^^-3-Z h 4= ^fiX/#x/U-*S- 
7$rA/*$ KU7n- h (12C) 
1 H-KHR { COC 1 3 ):1.26, 1.35 , 2.94,-3-.02, 4.-15, 
4.16, 4.28, 4.73, 4.94, 7,88 



w ??Bn¥2-111747(6) 

& 7.74 DOOl 
13 C-NHR(CDCI 3 ): 52.05 (3- 13 C) ppm 

[3- l3 C] A L A - HC* (1c) (HXE1.285 
ftStodOa) 6<OiR^27.3!£) 
ft£ : 147 *C 

1 ll-NHR( 0 2 0):2.70 , 2.89, 2.89, 4.12 ppa 
13 C-MHR( 0 2 0): 36,8 (3- l3 C) pom 
ia(K8r) :3430cti _1 
^fmm 4 

[2 J3 C)?'J '>>££/SL/clXttlct£j£{J<| 2 t 
(5- 13 C]A LA-HCi*tefc.C0) 
t)^£?? 13 C-NMR(D 2 0)(*4 7. 8 0DR T » ? 

(2- 13 C]7a ASTKx^/u(3b)££ff] u 
fclX^aisffiWI 1 £Jp]&IC LT [2- 13 C]ALA» 
HCJ! (1b)£$fc. C0t><D<D»jatt148'C* 
13 C- NMR (0 2 0)&3 1 . 6 ppm, I R (KBr) 
tt 3 4 3 O «i " 1 T- m r> fc . 

S^PH : [2 J3 C]7Q A#!gx^M3b)C)£ 
* 



l2 J3 Cl6tEt h 'J C?M2b)8 2 0«y (10 n mo 
DiiSttii^, 85Cfift^>7^ii/7. 5m2(6 
4 ft ftOl)« tea., 1 20TJT5filBllBtiTCSB 
3t±fc B 4S6bfc7-fef ; ;L/7 B n-?WK€-S!Sics 

SU, COSS^C-* 7 8*CT 5#HISiS{!SR2 . 
6m£(50 Q «0l)£i$AUrc o AU7&> 

x- - 7 e "c r i o # rai w t ft « x $ y - 2 . • 
tn u , x-f^30«2T-3@iihibo, \n$ntzx 

-tJUB O0a2) £ 1 Orf<0*"C2@K&b, ft 
[2- n C]Ta/ A 5TKx5 L /l/(3b)9 9 1 (« 
ClOtXD© j H-NMRs 13 C~NMR&IM 



'll-HHRtCOCIj ): 1.35 , 3.1 5 , 4.20 pp<a 
13 C-NKR(C0Ci 3 ):25.9 (2- 13 C) DPtR 
IR(KBr) ;1735cot _1 

£30 2 : H J3 C]7Q A§f &Xf-;i/(3a)0£ 

«M i tPttcuTasiofc. ssnfc n- 13 c] 

Tn^RKXf-MSa)© 1 H - N M R s 13 C-N 
MR 1 tSSSfcttTC^TT. 
1 li'MHR(CDCi 3 ):1.3S, 3.77, 4.20 ppra 
13 C-NHR(CDC[ 3 >: 167,2 ( 1- 13 C) ppra 
IR : 1 735c*' 1 
#5?W3 : (2- 13 C]x^;u7*w K7-fer 

- h (5b)^^fi£ 
?^^*A/A?5K7. 6^*T- (2- l3 C]7 
aASTtex^;u(3b)939^(5.59 o iogI)£ 7 $ 
W ^ K/J U C?A(4) 1. 1 5 ? (6,22 q aol)t 

£ 1 5 atf O 2 a a twu /* X 4 @ M tb L , 0 a a * 
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o 

A/Ag (60<rf) £ O.IN-Jjcffiit^ h V 0 ASS 1 

*y~A/TB*SflU, fififertt&AQ {2- 13 C]l 

f)l/7jiil/-f5K7t7-h (Sb)9 7 5*3 (1R$ 
7S.os)^^fc. sent [z- 13 c]x-^;t/7 *w 
^ K7tf - h (5b)© 'H-NMRs 13 C-NM 
R. 1 RRUMS^-aHS Oft:. fcSBfcttTCiRT. 
1 H-NHR(C0CI 3 ):1.25. 3.72, 4.29. 7.78 ppa 
13 C-HHR(CDCI 3 ): 38.98 (2- l3 C) ppa 
IR(KBr):l776, 1732, 1720QR" 1 
HS(o/z): 234 (H* ) 
£?fflJ4 : (2- 13 C]? y > (9b)©S$ 
±HE#«lfll3T»6nfc (2- 13 C]l^A>7 5* A/ 
^ K 7 t - h (5b) 2 5 0*9(1. 07 o no I)* 
6N-J2K6. 2 5 IC ISW 0 , 5 CIS 85 T (C 
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SPECIFICATION 

1. Title of the Invention 

METHOD FOR PRODUCING CARBON-1 3-LABELED 
5-AMINOLEVULINIC ACID AND DERIVATIVES THEREOF 

2. Claims 

(1) A method for producing 5-aminolevulinic acid in which at least 
one carbon at the 1-, 3-, 4- or 5-position is labeled with carbon-13, or a 
derivative thereof, characterized in that sodium acetate labeled with carbon-13 
at the 1- and/or 2^position is used as the starting material, and 5-aminolevulinic 
acid is synthesized using ethyl bromoacetate, Meldrum's acid or a phthalglycine 
compound derived from the carbon-13-labeled sodium acetate as an 
intermediate, 

(2) A method for producing porphobilinogen in which at least two 
carbons are labeled with carbon-13, characterized in that sodium acetate 
labeled with carbon-13 at the 1- and/or 2-position is used as the starting 
material, 5-aminolevulinic acid or a salt thereof in which at least one carbon at 
the 1-, 3-, 4- or 5-position is labeled with carbon-13 is synthesized using ethyl 
bromoacetate, Meldrum's acid or a phthalglycine compound derived from the 
carbon-13-labeled sodium acetate as an intermediate, and porphobilinogen is 
synthesized by condensing this using a dehydrogenase. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

This invention relates to a method for producing 5-aminolevulinic acid 
and derivatives thereof labeled with carbon-13 and a method for producing a 
heme precursor porphobilinogen using this as a material. These compounds 
are useful for studies on biosynthesis and metabolism or diagnoses. 

[Prior Art] 

With the advance in the high magnetic field FT-NMR techniques, 
compounds labeled with carbon-13 have been applied broadly to the resolution 
of various problems in organic chemistry and biochemistry. This is because 
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the carbon-13 ( 13 C)-labeled position of a compound labeled with 13 C which is 
markedly important in carrying out studies on biosynthetic pathway and the like 
can be determined without degrading the "C-labeled compound by the use of 
the high magnetic field FT-NMR. Also, though some of such ,3 C-labeled 
compounds are already on the market, not only they are considerably 
expensive but also their kinds are limited. 

Also, it has been reported that 5-aminolevulinic acid (ALA) becomes 
an intermediate in synthesizing a heme, chlorophyll or vitamin B 12 via a heme 
precursor porphobilinogen (PBG) and is also useful as a weed killer. 
Regarding the ALA, a compound in which its 5-position carbon is. labeled with 
13 C ([5- 13 C]-ALA) is commercially available but considerably expensive, because 
this is synthesized from [2- 13 C]malonic acid ethyl ester or ethyl 4-oxobutyrate 
and this method is a synthesis method suited only for a laboratory scale. 

Accordingly, the present inventors have completed and reported a 
method for synthesizing [2- 13 C]ALA from sodium [2- 13 C]acetate via ethyl 
bromoacetate {J.A.C.S., 96: 26, pp. 8069-8080 (Dec. 25, 1974). Since this 
method uses sodium acetate labeled with 13 C as the starting material, it has 
advantages in that the 13 C-labeled sodium acetate is easy to handle because it 
is solid and is relatively inexpensive because it is used in large scale. 

However, regarding the method for synthesizing ALA labeled with 13 C 
using the 13 C-labeled sodium acetate as the starting material, nothing has been 
reported except for this [2- 13 C]ALA synthesizing method. 

[Problems to be solved by the Invention] 

Thus, the inventors have conducted intensive studies from the 
viewpoint that success in synthesizing 13 C-labeled ALA in which an optional 
position of ALA is labeled with 13 C from 13 C-labeled sodium acetate as the 
starting material will greatly contribute to the development of biochemical 
studies, and found as a result that this object can be achieved by the use of 
sodium acetate in which its 1- and/or 2-position is labeled with 13 C, thus 
resulting in the accomplishment of the invention. 

Accordingly, the object of the invention is to provide a method for 
producing ALA in which its optional position is labeled with 13 C, using sodium 
acetate whose 1- and/or 2-position is labeled with 13 C as the starting material. 
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[Means for Solving the Problems] 

That is, the invention is a method for producing 5-aminolevulinic acid 
in which at least one carbon at the 1-, 3-, 4- or 5-position is labeled with carbon- 
13, or a derivative thereof, using sodium acetate labeled with carbon-13 at the 
1- and/or 2-position as the starting material, and synthesizing 5-aminolevulinic 
acid using ethyl bromoacetate, Meldrum's acid or a phthalglycine compound 
derived from the carbon-13-labeled sodium acetate as an intermediate. Also, 
the invention is a method for producing porphobilinogen in which at least two 
carbons are labeled with carbon-13, using the thus synthesized 5-aminolevulinic 
acid having at least one carbon at the 1-, 3-, 4- or 5-position labeled with 
carbon-13, and synthesizing porphobilinogen by condensing this using a 
dehydrogenase. 

The production methods of the invention are described below in 
detail based on the production steps shown in Figs. 1 and 2. 

- Fig. 1 shows a method for producing 13 C-labeled ALA and, e.g., 
[1- 13 C]ALA (1a) is synthesized in the following manner. 

That is, ethyl [1- 13 C]bromoacetate (3a) is obtained when sodium 
[1- 13 C]acetate (2a) is treated with bromine and benzoyl bromide and then 
allowed to react with absolute ethanol. This ethyl [1 - 13 C]bromoacetate (3a) can 
also be obtained with a high yield from [1- 13 C]acetic acid prepared by subjecting 
the sodium [1- 13 C] acetate (2a) to acid decomposition. 

This ethyl [1- 13 C]bromoacetate (3a) gives [1- 13 C)ethyl 
3-ethoxycarbonyl-5-phthalimidolevulinate (12a) with a high yield when it is 
allowed to react with ethylphthalimide acetoacetate (1 1) at room temperature for 
several days in 1 ,2-dimethoxyethane using sodium hydroxide. 

This diester (12a) gives the [1- 13 C]ALA (1a) of interest with a high 
yield when it is treated with a 1:1 mixture of glacial acetic acid and concentrated 
hydrochloric acid for about half a day. 

Also, [2 13 C]ALA (1b) can be synthesized with a high yield by 
synthesizing ethyl [2- 13 C]bromoacetate (3b) from sodium [2- 13 C] acetate (2b) in 
the same manner and carrying out the same reaction by replacing the ethyl 
[1- 13 C]bromoacetate (3a) by this ethyl [2- 13 C]bromoacetate (3b). 

In addition, synthesis of [4-"C]ALA (1d) and [5- 13 C]ALA (1e) can be 
carried out by the following method. 
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That is, [1- 13 C]N-phthaloylglycine (6a) is synthesized by allowing 
phthalic anhydride (8) to react with [1- 13 C]glycine (9a) synthesized from the 
ethyl [1- 13 Cjbromoacetate (3a) at 165°C for about 15 minutes. Also, the [1- 
13 C]N-phthaloylglycine (6a) can also be synthesized the reaction of potassium 
phthalimide (4) with ethyl [1- 13 C]bromoacetate (3a). Then. [1- 
13 C]phthalimidoacetyl chloride (7a) is easily obtained by treating the thus 
synthesized [1- 13 C]N-phthaloylglycine (6a) with thionyl chloride. 

Next, the p-keto ester (11b) is obtained with a high yield by allowing 
this [1- 13 C]phthalimidoacetyl chloride (7a) to react with 2,2-dimethyl-4,6-dioxo- 
1,3-diol (Meldrum's acid, 10) in a mixed solvent of dichloromethane and pyridine 
and then treating with dry ethanol. Also, the Meldrum's acid (10) can be easily 
synthesized through a synthesis pathway of from sodium acetate (2) via 
bromoacetic acid (13) by a known method. 

Thereafter, the [4- 13 C]ALA (1d) of interest is obtained by treating the 
P-keto ester (11b) with ethyl bromoacetate (3) and sodium hydride and then 
hydrolyzing with an acid. 

Also, [5- 13 C]ALA (1e) is synthesized in the same manner by a 
synthesis pathway via [2- 13 C]phthalimidoacetyl chloride (7b). 

The [3- 13 C]ALA (1c) is also synthesized in the same manner through 
a synthesis pathway by way of I2- 13 C]Meldrum's acid (10a) synthesized from 
sodium [2- 13 C]acetate (2b) via [2- 13 C]bromoacetic acid (13a). 

Though production method of ALA in which any one of its carbons 
was labeled with 13 C has been described, ALA in which two or more carbons 
are labeled with 13 C can also be produced in the same manner. For example, 
[1,2- 13 C]ALA (1f) is synthesized from sodium [1 ,2- 13 C]acetate (2c) via ethyl 
[1,2- 13 C]bromoacetate (3c) byway of the compound (12). 

Also, [4,5- 13 C]ALA (1g) is synthesized by synthesizing ethyl 
[1,2- 13 C]bromoacetate (3c) or [1 ,2- 13 C]glycine (9c)from the sodium 
[1 ,2- 13 C]acetat© (2c) and via the compounds (7), (1 1) and (12). 

In addition, [3,4,5- 13 C]ALA (1h) is synthesized from the 
[1,2- 13 C]phthalimidoacetyl chloride (7) and [2- 13 C]Meldrum's acid (10a) byway 
of the compounds (11) and (12). 

Regarding derivatives of ALA labeled with 13 C, there are various 
kinds and their typical examples include salts such as hydrochloride and sodium 
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salt, esters such as methyl ester, acid halides such as acid chloride and amides, 
which can be easily produced by known methods. 

Next, Fig. 2 shows production steps of porphobilinogen (PBG) from 
ALA, showing synthesis examples of 13 C-labeled PBG in which two carbons are 
J labeled with 13 C using the AUK obtained by the method shown in Fig. 1 in which 
one carbon is labeled with 13 C. 

For example, as shown in Fig. 2, a PBG (20e) in which two of the 
2-position carbon of the pyrrole ring and the carbon adjacent to the amino group 
are labeled with 13 C is obtained when [5- 13 C]ALA (1e) is condensed using an 
? ALA dehydrogenase (ALA-D or PBG synthase). 

Also, as shown in Fig. 2, a PBG (20c) in which two of the 4-position 
carbon of the pyrrole ring and the carbon binding to the 3-position of the pyrrole 
ring are labeled with 13 C is obtained when [3- 13 C]ALA (1c) is used instead of the 
[5- 13 C]ALA(1e). 

i ' In the same manner, by the use of an ALA (1a) ( (1b) or (1d) in which 
the carbon of other position is labeled with 13 C, a PBG in which the carbon of 
corresponding position is labeled with 13 C is obtained. In addition, a PBG in 
which 4 carbons are labeled with 13 C is obtained when an ALA in which 2 
carbons are labeled with 13 C is used, and a PBG in which 6 carbons are labeled 

pwith 13 C is obtained when an ALA in which 3 carbons are labeled with 13 C is 

v used. 

w The PBG produced in this manner is useful, e.g., as a therapeutic 
; ! drug for lead poisoning. 

[Examples] 

The methods of the invention are illustratively described based on 
inventive and reference examples. 

Example 1 

An 8477 mg (3.31 mmol) portion of ethylphthalimide acetoacetate 
(11) was dissolved in 7 ml of 1 ,2-dimethoxyethane, and this solution was added 
to a suspension of 7 ml of 1 ,2-dimethoxyethane and 154.0 mg (3.85 mmol) of 
sodium hydride (60% in paraffin) and stirred at room temperature for 1 hour in 
an atmosphere of argon. Thereafter, a solution obtained by dissolving 647 
mg (3.85 mmol) of ethyl [1- 13 C]bromoacetate (3a) in 5 ml of dry 
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1,2-dimethoxyethane was added to this suspension and stirred at room 
temperature for 1 day, and the thus obtained reaction mixture was neutralized 
with 1 N hydrochloric acid and extracted with ether. The thus obtained organic 
phase was washed with saturated brine and dried with a drying agent, and then 
the solvent was evaporated to obtain 1.25 g (yield 89.7%) of [1- 13 C]ethyl 
3-ethoxycarbonyl-5-phthalimidolevulinate (12a) as colorless needle crystals. 

Results of the measurement of melting point, 1 H-NMR, 13 C-NMR, IR 
and MS of this product are shown below. 

Melting point: 71-74°C 

'H-NMR (CDCI 3 ): 1.25 & 1.33, 2.95, 4.18 & 4.29, 4.19, 4.83, 7.83 ppm 
"C-NMR (CDCI 3 ): 170.6 (1- 13 C) ppm 
IR(KBr): 1723 cm 1 
MS (m/z): 362 (M*) 

Next, the thus obtained diester (12a) was dissolved in 15 ml of glacial 
acetic acid-concentrated hydrochloric acid (1:1) mixed solution and heated 
under reflux for 1 day in an atmosphere of argon. After the reaction, solvent in 
the reaction mixture was evaporated, the thus obtained brown powder residue 
was dissolved in 20 ml of water and then excess hydrogen chloride was 
evaporated. The thus obtained residue was again dissolved in 40 ml of water 
and washed three times with 150 ml of ethyl acetate in order to remove phthalic 
acid. The thus obtained water phase was concentrated, and the residue was 
purified with an ion exchange resin, freeze-dried and then recrystallized from an 
ethanol/ether solvent to obtain 1 .25 g (yield 71%) of [1- 13 C]5-aminolevulinic acid 
hydrochloride (1a) as colorless needle crystals. 

Results of the measurement of melting point, 1 H-NMR, "C-NMR and 
IR of this product are shown below. 

Melting point: 146-1 49°C 
'H-NMR (D 2 0): 2.71 , 2.90, 4.13 ppm 
13 C-NMR (D 2 0): 177.4 (1- 13 C) ppm 
IR (KBr): 3430 cm 1 
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Example 2 

A mixture of 1.0 g (13.1 mmol) of [1- 13 C]g|ycine (9a) (99% atom 13 C) 
and 195 g (13.1 mmol) of phthalic anhydride was heated at 150 to 170°C for 10 
minutes until it was melted and again solidified, and the thus formed product 
was recrystallized from water and dried to obtain 2.64 g (yield 97.5%) of 
[1- 13 C]phthalimidoacetic acid (6a) as colorless needle crystals. 

Results of the measurement of melting point, 1 H-NMR, 13 C-NMR, IR 
and MS of this product are shown below. 

Melting point; 191-194°C 

1 H-NMR (acetone-d 6 ): 4.40, 7.82 ppm 

13 C-NMR (acetone-d 6 ): 168.93 (1- 13 C) ppm 

IR(KBr): 1720, 1775 cm 1 

MS (m/z): 206 (M + ) 

A 2.64 g (12.8 mmol) of the thus obtained [1- 13 C]phthalimidoacetic 
acid (6a) was dissolved in 12 ml (61.8 mmol) of thionyl chloride and heated at 
60°C under reflux for 4 hours, and then excess thionyl chloride was removed. 
The thus obtained light yellow solid was dissolved in benzene and then thionyl 
chloride was completely removed by evaporating benzene, thereby obtaining 
2.91 g (yield 99.2%) of [1- 13 C]phthalimidoacetyl chloride (7a) as light yellow 
crystals. Results of the measurement of 1 H-NMR (CDCI 3 ) were 4.80, 7.78 ppm. 

Next, 1.95 g (13.5 mmol) of MeldrunVs acid (20) was dissolved in a 
mixed solvent of 1 ml dichloromethane and 2 ml pyridine, a 2 ml 
dichloromethane solution of 2.91 g (13.0 mmol) of the [1- 13 C]phthalimidoacetyl 
chloride (7a) was added dropwise to this solution at 0°C in an atmosphere of 
argon, spending 1.5 hours, and the mixture was allowed to undergo the reaction 
at room temperature for 1.5 hours while stirring. After completion of the 
reaction, the thus obtained reaction product was washed with 6 N hydrochloric 
acid and saturated brine and dried with a drying agent and then the solvent was 
evaporated. The thus obtained viscous oil was refluxed for 3 hours in 100 ml 
of anhydrous ethanol, and then excess ethanol was evaporated. The residue 
was diluted with 100 ml of dichloromethane, washed with saturated sodium 
bicarbonate aqueous solution and saturated brine and dried with a drying agent, 
the solvent was evaporated, and then the thus obtained crude product was 

-7- 



LZ /8l # 



fr96Gt9S9et8! 



unnaHDns 



SON i Wdi3 : *• Ll-l -30 



o o 



recrystallized from ethanol to obtain 2.33 g (yield 65.4%) of 
[3- 13 C]ethy|phthaltmide acetoacetate (11b) as colorless needle crystals. 

Results of the measurement of melting point, 'H-NMR, 13 C-NMR, IR 
and MS of this product are shown below. 

Melting point: 109-111°C 

'H-NMR (CDCI 3 ): 1.29, 3.50, 4.22, 4.62, 7.77 ppm 
13 C-NMR (CDCI,): 194.79 (3- 13 C) ppm 
IR(KBr): 1722, 1745 crrr 1 
MS (m/z): 276 (M + ) 

A 2.33 g (8.43 mmol) portion of the thus obtained 
[3- 13 C]ethylphthalimide acetoacetate (11b) was dissolved in 20 ml of 
1,2-dimethoxyethane, the thus obtained solution was added to 5 ml of 
1,2-dimethoxymethane suspension of 420.0 mg (10.5 mmol) sodium hydride 
(60% in paraffin) at 0°C under stirring, and then the mixture was stirred at room 
temperature for 1 hour in an atmosphere of argon. Next, 5 ml of 
1,2-dimethoxyethane solution of 1.76 g (10.5 mmol) ethyl bromoacetate (3) was 
added to the thus obtained suspension and allowed to undergo the reaction at 
room temperature for 2 days under stirring. After completion of the reaction, 
the thus obtained reaction mixture was neutralized with 1 N hydrochloric acid 
and extracted with ether, the orange ether layer was washed with saturated 
brine and dried with a drying agent, and then the solvent was evaporated to 
obtain [4- 13 C]ethyl 3-ethoxycarbonyl-5-phthalimidolevulinate (12d) as a crude 
product. This crude product (12d) was used directly in the subsequent 
reaction without purification. 

This crude product (12d) was dissolved in 20 ml of glacial acetic 
acid-concentrated hydrochloric acid (1:1) mixed solution and heated under 
reflux at 120°C overnight in an atmosphere of argon. After completion of the 
reaction, solvent in the reaction mixture was evaporated, the thus obtained 
brown residue was dissolved in 50 ml of water and then washed three times 
with 150 ml of ethyl acetate in order to remove phthalic acid. The thus 
obtained water layer was concentrated, and the residue was purified using an 
ion exchange resin, freeze-dried and then recrystallized from an ethanol/ether 
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solvent to obtain 391.0 mg (yield 27.5%) of [4- 13 C]5-aminolevulinic acid 
hydrochloride (1d) as colorless needle crystals. 

Results of the measurement of melting point, 1 H-NMR, 13 C-NMR and 
IR of this product are shown below. 

Melting point: 146-1 49°C 
1 H-NMR (D 2 0): 2.71, 2.90, 4.13 ppm 
13 C-NMR (D 2 0): 206.3 (1- 13 C) ppm 
IR (KBr): 3430 cm" 1 

Example 3 

A 0.58 g (5.4 mmol) portion of sodium carbonate was added to 15 ml 
aqueous solution of 1473 g (10.6 mmol) [2- 13 C]bromoacetic acid (2b), 15 ml 
aqueous solution of 0.60 g (12.3 mmol) sodium cyanate was added dropwise 
thereto under ice-cooling, and then the reaction was carried out in a boiling bath 
for 40 minutes. Thereafter, this was once returned to room temperature, mixed 
with 0,5 g of sodium hydroxide and then heated in a boiling bath for 2 hours. 
Next, this solution was mixed with an aqueous solution of 0.8 g calcium chloride 
and allowed to undergo the reaction at room temperature for 2 days. After 
completion of the reaction, the product was collected by filtration, washed with 
water, dried, mixed with ether, further mixed with 1.0 ml of 12 N hydrochloric 
acid and then extracted with ether. The thus obtained ether layer was dried 
and then the solvent was evaporated to obtain 0.444 g (yield 40.3%) of 
[2- 13 C]malonic acid as a crude product. 

Next, the [2- 13 C]malonic acid was suspended in a mixed solution of 
0.5 ml acetic anhydride and 0.05 ml concentrated sulfuric acid, 0.4 ml of 
anhydrous acetone was added dropwise thereto under ice-cooling, and then the 
reaction was carried out at room temperature for 1 hour. After completion of 
the reaction, the precipitated crystals were collected by filtration, and the thus 
obtained crude crystals were washed with 2 ml of 0.5 N sulfuric acid, washed 
with water and then recrystallized from an acetone/ether/n-hexane mixed 
solvent to obtain 0.311 g (yield 50.6%) of p^CJMeldrunVs acid (10a) as 
colorless needle crystals. 

Results of the measurement of melting point, 1 H-NMR, 13 C-NMR and 
IR of this product are shown below. 
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Melting point: 92-95°C 
1 H-NMR (CDCI 3 ): 3.62, 1.79 ppm 
13 C-NMR (CDCI3): 36.15 (2- 13 C) ppm 
IR(KBr): 1790, 1750 cm 1 

Next, using the [2- 13 C]Meldrum's acid (10a), [3- 13 C]ALAHCI was 
synthesized in the same manner as the case of [1- 13 C]ALAHCI (1a). 

Melting point, 1 H-NMR, 13 C-NMR, IR and MS of the intermediates and 
[3- 13 C]ALA HCI were measured. The results are shown below. 

[2- 13 C]Ethylphthalimide acetoacetate (11a): 

1 H-NMR (CDCI 3 ): 1.31, 3,58, 4.24, 4.76, 7.88 & 7.75 ppm 

13 C-NMR (CDCI,): 46.90 (2- 13 C) ppm 

[3- 13 C]Ethyl 3-ethoxycarbonyl-5-phthalimidolevulinate (12c): 

^-NMR (CDCI 3 ): 1.26, 1.35, 2.94, 3.02, 4.15, 4.16, 4.28, 4.73, 4.94, 7.88 ppm 

"C-NMR (CDCI 3 ): 52.05 (3- 13 C) ppm 

[3- 13 C]ALAHCI (1c) (yield 1.285 g, yield from the compound (10a) 27.3%): 
Melting point: 147°C 

^-NMR (D z O): 2.70, 2.89, 2.89, 4.12 ppm 
13 C-NMR (D 2 0): 36.8 (3- 13 C) ppm 
IR (KBr): 3430 cm" 1 

Example 4 

[5- 13 C]ALA-HCI was obtained in the same manner as in Example 2, 
except that [2- 13 C]glycine was used. The 13 C-NMR (D z O) value of this product 
was 47.8 ppm. 

Also, [2- 13 C]ALA HCI (1b) was obtained in the same manner as in 
Example 1 , except that ethyl [2- 13 C]bromoacetate (3b) was used. Melting point 
of this product was 148°C, its 13 C-NMR (D 2 0) value was 31.6 ppm and its IR 
(KBr) value was 3430 cm" 1 . 
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Reference Example 1: Synthesis of ethyl [2- 13 C]bromoacetate (3b) 

A 11 g (9.0 mmol) portion of benzoic acid and 820 mg (10 mmol) of 
sodium [2- 13 C]acetate (2b) were put into a round bottom flask, further mixed 
with 7.5 ml (64 mmol) of benzoyl bromide, and then the reaction was carried out 
at 120°C for 5 hours. The thus formed acetyl bromide was distillated into a 
receiver, and 2.6 ml (50 mmol) of dry bromine was introduced into this receiver 
at -78°C for 5 minutes. After completion of the bromine introduction, the 
reaction mixture was stirred at room temperature for several minutes and then 
refluxed for 5 hours. After cooling the reaction mixture to room temperature, 
excess bromine was removed by nitrogen gas blow, 2.4 ml (40 mmol) of dry 
ethanol was added at -78 spending 10 minutes and then the reaction was 
carried out at room temperature for 12 hours under stirring. The reaction 
product was neutralized with 10 ml of saturated sodium bicarbonate aqueous 
solution and extracted three times with 30 ml of ether, the thus obtained ether 
layer (90 ml) was washed twice with 10 ml of water and dried using a drying 
agent, and then ether was evaporated to obtain 991 mg (yield 59,3%) of ethyl 
[2- 13 C]bromoacetate (3b) as a light yellow oil. 

1 H-NMR, 13 C-NMR and IR of this product were measured. The 
results are shown below. 

1 H-NMR (CDCI a ): 1.35, 3.15, 4,20 ppm 
13 C-NMR (CDCI 3 ): 25,9 (2- 13 C) ppm 
IR (KBr): 1735 cm" 1 

Reference Example 2: Synthesis of ethyl [1- 13 C]bromoacetate (3a) 

Using sodium [1- 13 C]acetate (2a), this was prepared in the same 
manner as in Reference Example 1 1 H-NMR, 13 C-NMR and IR of the thus 
obtained ethyl [1- 13 C]brornoacetate (3a) were measured. The results are 
shown below. 

1 H-NMR (CDCI3): 1.35, 3.77, 4.20 ppm 
13 C-NMR (CDCI3): 167.2 (1- 13 C) ppm 
IR (KBr): 1735 cm 1 
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Reference Example 3: Synthesis of [2- 13 C]ethyl phthalimidoacetate (5b) 

A 939 mg (5.59 mmol) portion of ethyl [2- 13 C]bromoacetate (3b) was 
allowed to react with 1.15 g (6.22 mmol) of potassium phthalimide (4) in 7.6 ml 
of dimethylformamide under reflux for 3 hours, the thus obtained reaction 
mixture was extracted four times with 15 ml of chloroform, the chloroform layer 
(60 ml) was neutralized with 10 ml of 0.1 N sodium hydroxide solution, washed 
twice with 15 ml of water and dried using a drying agent, the solvent was 
evaporated and then the thus obtained crude product was recrystallized from 
ethanol to obtain 975 mg (yield 75.0%) of [2- 13 C)ethyl phthalimidoacetate (5b) 
as colorless needle crystals. 1 H-NMR, 13 C-NMR, IR and MS of the thus 
obtained [2- 13 C]ethyl phthalimidoacetate (5b) were measured. The results are 
shown below. 

1 H-NMR (CDCI 3 ): 1.25, 3.72, 4.29, 7.78 ppm 
13 C-NMR (CDCI3): 38.98 (2- 13 C) ppm 
IR (KBr): 1776, 1732, 1720 cm" 1 
MS (m/z): 234 (M + ) 

Reference Example 4: Synthesis of [2- 13 C]glycine (9b) 

A 250 mg (1.07 mmol) portion of the [2- 13 C]ethyl phthalimidoacetate 
(5b) obtained in Reference Example 3 was dissolved in 6.25 ml of 6 N 
hydrochloric acid and allowed to undergo the reaction under reflux for 5 hours. 
The reaction mixture was diluted with the same volume of water and washed 
three times with 10 ml of ethyl acetate, the solvent was evaporated and then the 
thus obtained residue was purified by an ion exchange resin to obtain 108 mg 
(yield 90.0%) of [2- 13 C]glycine (9b) as white powder. 1 H-NMR, 13 C-NMR, IR 
and MS of the thus obtained [2- 13 C]glycine (9b) were measured. The results 
are shown below. 

1 H-NMR (D 2 0): 3.79 ppm 
13 C-NMR (D 2 0): 49.93 (s, 13 C) ppm 
IR (KBr): 3100, 1600 cm' 1 
MS (m/z): 76 (M + ) 
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Example 5 

A 0.1 ml portion of a solution prepared by dissolving "CJabeled ALA 
in heavy water containing dioxane as the internal standard was put into a 5 mm 
NMR tube, 0,05 ml of 0.5 M sodium phosphate buffer and the same volume of 
zinc sulfate (1 mM)-dithiothreitol (100 mM) were added to the 13 C-labeled ALA 
solution, 0,3 ml of 5-aminolevulinate dehydrogenase was further added thereto 
and rapidly stirred, and then the mixture was cultured to carry out the enzyme 
reaction. 

The 5-aminolevulinate dehydrogenase used herein was isolated from 
human peripheral blood, and the enzyme had a specific activity of 12.6 units/mg 
when analyzed by the Granick Hauzerall method. 

In this enzyme reaction, proton decoupling 15 C-NMR spectra in the 
sodium phosphate buffer (pH 6.8) in 5 mm NMR tube were measured at 100.4 
MHz using JOEL-GX-400 spectrometer. These spectra were measured at 
20°C using a pulse width of 5.5 (as (45° pulse) and a spectrum width of 25,000 
Hz. The internal lock of heavy water was used, and the chemical shift was 
measured using dioxane (67.4 ppm) as the internal standard. 

When [5^ 13 C]ALA (1e) is used as the 13 C-labeIed ALA, the PBG (20e) 
in which the 2-position carbon of the pyrrole ring and two carbons adjacent to 
the amino group are labeled with 13 C is formed. As shown in Figs. 2A and 2B, 
this was confirmed by the periodical decrease in the signal (8 = 47.8 ppm) of [5- 
13 C]ALA and the accompanying increase in two signals (8 = 35.5 ppm and 8 = 
117.2 ppm) belonging to PBG. Also, it was confirmed that the PBG (20c) in 
which two of the 3-position carbon of the pyrrole ring and the carbon binding to 
the 4-pos"rtion of the pyrrole ring are labeled with 13 C is formed when [3- 13 ClALA 
(1c) is used, in the same manner by the periodical changes in signals shown in 
Figs. 3A and (3B. 

[Effects of the invention] 

According to the invention, 5-aminolevulinic acid in which at least one 
optional position of 5-aminolevulinic acid is labeled with 13 C, or a derivative 
thereof, can be produced using sodium acetate labeled with 13 C at the 1- and/or 
2-position as the starting material, and various types of porphobilinogen in 
which at least two carbons are labeled with 13 C can be produced using the re- 
labeled 5-aminolevulinic acid. 
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4. Brief Description of the Drawings 

Fig. 1 is a chart showing a synthetic pathway for synthesizing 5- 
aminolevulinic acid in which an optional position is labeled with 13 C from sodium 
acetate labeled with 13 C at the 1- and/or 2-position, Figs. 2A and 2B are a chart 
showing a synthetic pathway for synthesizing 13 C-labeled porphobilinogen from 
[5- 13 C]5-aminolevulinic acid and a 13 C-NMR spectrum showing periodical 
changes during the process, and Figs. 3A and 3B are a chart showing a 
synthetic pathway for synthesizing 13 C-labeled porphobilinogen from [3- 13 C]5~ 
aminolevulinic acid and a 13 C-NMR spectrum showing periodical changes during 
the process. 
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